Abstract. From the analysis of the flux of high energy particles, E > 3 · 10 18 eV, it is shown that the distribution of the power density of extragalactic rays over energy is of the power law,q(E) ∝ E −2.7 , with the same index of 2.7 that has the distribution of Galactic cosmic rays before the so called 'knee', E < 3 · 10 15 eV. However, the average power of extragalactic sources, which is of E 10 43 erg s −1 , exceeds by at least two orders the power emitted by the Galaxy in cosmic rays, assuming that the density of galaxies is estimated as N g 1 Mpc −3 . Considering that such power can be provided by relativistic jets from active galactic nuclei with the power E 10 45 − 10 46 erg s −1 , we estimate the density of extragalactic sources of cosmic rays as N g 10 −2 − 10 −3 Mpc −3 . Assuming the same nature of Galactic and extragalactic rays, we conclude that the Galactic rays were produced by a relativistic jet emitted from the Galactic center during the period of its activity in the past. The remnants of a bipolar jet are now observed in the form of bubbles of relativistic gas above and below the Galactic plane. The break, observed in the spectrum of Galactic rays ('knee'), is explained by fast escape of energetic particles, E > 3 · 10 15 eV, from the Galaxy because of the dependence of the coefficient of diffusion of cosmic rays on energy, D ∝ E 0.7 . The obtained index of the density distribution of particles over energy, N (E) ∝ E −2.7−0.7/2 = E −3.05 , for E > 3 · 10 15 eV agrees well with the observed one, N (E) ∝ E −3.1 . The estimated time of the termination of the jet in the Galaxy is 4.2 · 10 4 years ago.
Introduction
The main hypothesis of the origin of cosmic rays in the Galaxy is the acceleration of charged particles to high energies on the fronts of shock waves formed by supernova explosions. To ensure the power of cosmic rays, observed in the Galaxy, which equals about 10 41 erg s −1 , it is necessary to transfer to accelerated particles about 15% of the kinetic energy of expanding shock waves. These strong shocks produce the universal spectrum of particle energy distribution, N (E) ∝ E −2 . This allows to put together cosmic rays originating from different supernova, and forms the unique particle spectrum, extending from energies in a few units of GeV to energies 10 18 eV. The observed spectrum N (E) significantly differs from the Universal spectrum produced via acceleration at shock fronts, that is explained by the propagation of cosmic rays in the Galaxy. It has the character of diffusion in space because of the scattering of charged particles by magnetic field inhomogeneities. The diffusion coefficient increases with particle energy, i.e. the lifetime of the fast particles in the Galaxy decreases. Therefore, the observed spectrum over energy differs from the spectrum given by sources, remaining a power law, N (E) ∝ E −β . But the value of β is not constant, it changes from β 1 = 2.7 for E < 3 · 10 15 eV to β 2 = 3.1 for E > 3 · 10 15 eV. The important circumstance is the fact that the spectrum at high energies becomes softer, not harder. This suggests that the source of cosmic rays at energies E < 3 · 10 15 eV and at energies E > 3 · 10 15 eV is single. It is possible that it is the superposition of two independent sources, if it would a e-mail: istomin@lpi.ru be vice versa, β 2 < β 1 . But it is unlikely that the spectrum produced by one source at E < 3 · 10 15 eV would cut off at higher energies, whereas another independent source at energies E > 3 · 10 15 eV would cut off at lower energies, and they were joined at the same energy E 3 · 10 15 eV. The fact that the source of Galactic cosmic rays is single in the whole energy range, E min < E < 3 · 10 18 eV, suggests that if there are many in our Galaxy, they have the same universal properties. For the hypothesis of the origin of cosmic rays by supernova explosions this suggests that the shock wave is both strong enough and slightly loaded by cosmic rays. Otherwise, the spectral index of the accelerated particles will be different for different shock waves. This makes the hypothesis of the origin of cosmic rays by supernova explosions less attractive than previously assumed ( [1, 2] ). In this article we do not discuss the paradigm of acceleration of Galactic cosmic rays by shock waves from supernova explosions. The last review made by Blasi [3] gives a good representation of this paradigm in many aspects. Observational data certainly show the acceleration of particles on the fronts of supernova shock waves. Is that enough to consider a hypothesis of the origin of Galactic cosmic rays by shock wave acceleration is proven? Here you can quote from Blasi's review: "Despite all this circumstantial evidence, no proof found yet that SNRs can accelerate CRs up to the knee energy."
If the source is single, it would also produce cosmic rays in other galaxies with characteristics similar to those observed in the Galaxy. The aim of our work is to analyze the properties of cosmic rays of superhigh energies E > 3 · 10 18 eV observed on the Earth, coming outside, from
Ultrahigh energy cosmic rays
The energy distribution of the flux of cosmic rays I (E) observed on the Earth at energies E > 3 · 10 18 eV noticeably deviates from the power law distribution, which is typical for lower energies, 3 · 10 15 eV < E < 3 · 10 18 eV, where I (E) ∝ E −3.1 . This region is called the 'ankle', here cosmic rays of Galactic origin are replaced by particles, the origin of which has extragalactic nature. They come from active galaxies located at large distances. In particular, there is identification of particles with energies E 10 19 eV coming from the galaxy Cen A, located at a distance of 4.6 Mpc (Auger Collaboration [4] ), and correlation with active galactic nuclei (AGN) within 100 Mpc (Auger Collaboration [5, 6] ). Charged particles (protons or nuclei) of such an energy, E 10 19 eV, have a large cyclotron radius, r L , in the intergalactic magnetic field B 10 −9 G,
Mpc.
The magnetic field changes its direction on the scale of the order of 1 Mpc, i.e. the correlation length of the magnetic field equals l c 1 Mpc. As a result, a charged particle moving to our Galaxy, walking distance, r , deviates from the initial direction by the angle θ ,
Therefore, the propagation of cosmic rays of high energy from sources, that are closer than r < 100 Mpc, can be considered as rectilinear to a good approximation, while from more distant sources as diffusive. Let us find the distribution function, N (t, r, E), of cosmic rays of high energy, E 10 19 eV, over the space, r, and the energy, E, considering that charged particles come to the given point from many sources in space located at points of r = r i and having powers Q i (E). Considering the distribution of sources in space as homogeneous on average, the particle distribution function of N can be considered as isotropic, depending only on the distance, r . In addition, due to the large number of sources, the particle distribution can also be considered stationary, N = N (r, E). We discuss two cases: rectilinear and diffusive propagation of particles.
Rectilinear motion
In this case, the equation for the distribution function of cosmic rays has the form
Here c is the velocity of the light, δ(x) is the Dirac delta function. The value of d E/dt is energy losses of particles. They consist of two parts: losses connected with the interaction of energetic particles with the relic radiation and losses associated with the expansion of the Universe. To the first, it is the so called GZK effect (Greisen [7] ; Zatsepin & Kuz'min [8] ) -pion production in the reaction p + γ → N + π . The characteristic particle energy of this process is E π = µc 10 20 eV (m p is the mass of the proton, µ is the mass of the muon, T the temperature of the relic radiation). The interaction of a proton with a photon produces a neutral π -meson, the interaction of a photon with a nucleus can also produce charged π -mesons. At lower energies the generation of electron-positron pairs, p + γ = p + e + + e − becomes significant. The characteristic particle energy of this reaction is E e = m e c 2 m p c 2 /T 2.1 · 10 18 eV (m e is the electron mass). Energy losses in photo-pion reactions are well described by the expression (Stanev et al. [9] )
Here we introduced the dimensionless energy = E/E π = E/4 · 10 20 eV and the dimensionless time t = ct/L, where L is the characteristic distance, beyond which a particle loses the energy of the order of its initial value, L = 13.7 Mpc. These are convenient distances to measure in the same units, r = r/L. The energy losses due to the generation of electron-positron pairs (see the paper by Berezinsky, Gazizov & Grigorieva [10] ) can be approximated by the expression, which well describes that near the maximum of its relative losses,
Here indices s and p are s = −1.5, p = 0.6, and constants a and b are a = 4.5 · 10 −4 , b = 8.4 · 10 −3 respectively. Adiabatic particle losses associated with the general expansion of the Universe are described by the Hubble law, d E/dt = −H E, where H is the Hubble constant, H = 72 kms −1 / Mpc. In dimensionless variables adiabatic losses are
The total losses of particle energy are equal to
Although the value of α is small, the adiabatic energy losses become important for particles of not very high energies, e < (α/a) −1/s 3, E < 6 · 10 18 eV, when interaction with relict photons becomes insignificant.
It should also be mentioned that in addition to relic photons in the intergalactic environment, there also exists the light from galaxies, which contributes to the energy losses of cosmic rays. But, as shown by calculations, their contribution is small compared with that of the relic radiation (Aloisio, Berezinsky & Grigorieva [11] ).
Let us introduce the dimensionless values of the power of the sources and the distribution function,
The dimensionless variables (with index , which we omit further) will appear in Eq. (1). We also introduce the variable τ instead of ,
The value of τ is the time during which a particle loses its energy from the initial value to the current one . As a result, Eq. (1) will take the form
Integrating Eq. (6) over r from 0 to r m with the constant sum r + τ = const, we get
The value of r m is the distance to which the approximation of rectilinear propagation is valid, r m 100 Mpc/13.7 Mpc = 7.3. The energy m is determined by the ratio
In Eq. (7) the first term is the contribution of the sources of cosmic rays of superhigh energies, located at distances r < r m from the Galaxy, whose particles are observed in the Galaxy (r = 0). Because, according to the analysis by Takami & Sato [12] , the density of such sources is of 10 −2 − 10 −4 Mpc −3 , and the number of these sources in the sphere of radius r m is significantly greater than unity, it is possible to go from the summation to the integration over volume, 4π r m 0 r 2 i dr i , introducing the average density of sourcesq( ). The value of energy, on which the quantitȳ q( ) depends, is the initial energy of a particle, which overcomes the distance r i from the source to the Galaxy, = i ,
However, at constant energy the distance r i and the energy i are connected, so the integration over r i can be replaced by the integration over i . The result is
Thus, the distribution of cosmic rays of high energy, E > 3 · 10 18 eV, observed in the Galaxy, is largely determined by the loss function |d /dt| (Eq. (5)) in the intergalactic space, but not by the sources, the distribution of which over the energyq( ) is in average form.
Diffusive motion
In order to determine the contribution of distant (r > r m ) sources into the distribution of cosmic rays observed in our Galaxy (the second term in Eq. (7)) we have to consider the diffusion region r > r m . The equation for the distribution function N (r, ) is
(8) Here D is the coefficient of diffusion of cosmic rays in intergalactic space. As well as in the Galaxy, it can depend on the particle energy. Let us suppose that this dependence is a power law with some index κ, 
As a result, Eq. (8) becomes
Knowing the Green function of the equation of diffusion in a spherical region 0 < r < ∞ (the diffusion approximation includes also the region 0 < r < r m of the scale of the free path length),
Integrating this with the right hand part of equation (9) over r and τ D , then, as before, going from the summation over i to the integration over r i from r m to infinity, introducing again the density of sourcesq( ), and transforming the integration over τ D to the integration over , we get
Here the function (y) is equal to
It varies monotonically from the value = 2 at y = 0 to = 1 for y >> 1. And the fast transition of to the value 1 occurs already at y 2. The typical value of y is the ratio of the length of the mean free path length of particles r m to the path L, travelling along which a particle ISVHECRI 2016 loses a significant part of its energy, y r m /L = 7.3. In addition, the large time τ D , small y, corresponds to high initial energies of particle . Because the source power q( ) decreases with energy, and, as we will see, rather fast, q( ) ∝ −2.7 , then the contribution of the function (y) at small values of its argument into the integral (Eq. (11)) is small. Thus, we can consider 1 in the expression (Eq. (11)). Altogether, the required distribution function of particles on the boundary of r = r m at = m equals
The value of 0 is the maximum energy of particles in sources.
Energy distribution of extragalactic particles observed in the Galaxy
Substituting the resulting distribution (Eq. (12)) into the expression (Eq. (7)), we obtain the sought distribution function of extragalactic cosmic rays, observed in the Galaxy,
Equation (13) has a simple physical meaning: the particle flux in the energy space, N |d /dt|, is equal to the total flux produced by sources Q i . Moreover, since we have many sources, their fluxes are summing, ranging from close sources, providing a full range of energies from = min up to the maximum one = 0 , to distant sources from which we observe only large initial energy 0 . Suppose that the distributionq( ) is the power law function,q( )
The graph of the function 3 N ( ) for 0 = 25, E 0 = 10 22 eV, and β = 2.7 is shown on Fig. 1 . We also show here the experimental data (points) obtained by Telescope Array (see the Fig. 2 ). One can see that at energies E < 10 18 eV and E > 4 · 10 20 eV the distribution N ( ) is the power law, N ( ) ∝ −β . The same slope is observed at the intermediate energies, in the region of the maximum relative losses of energy, (d E/dt)/E, on the birth of electron-positron pairs, E 10 19 eV. In the region 0.2 < < 1, N grows exponentially with decreasing energy, N ( ) = q 0 −β+1 exp(1/ )/(β − 1). According to observations summarized by Berezinsky [13] , the flux of particles I ( ) = cN ( )/4π in the energy range 6 · 10 18 eV < E < 6 · 10 19 eV, 1.5 · 10 −2 < < 0.15, is indeed the power law function of the energy with the index β = 2.7. As an illustration of this we show here observations of the Telescope Array (Tinyakov [14] ). One can see in Fig. 2 that the slope is indeed equal to 0.33 ± 0.03 in the range 6 · 10 18 eV < E < 6 · 10 19 eV. (Tinyakov [14] ). In the range 6 · 10 18 eV < E < 6 · 10 19 eV the spectrum is the power law function of the energy with the index β = 2.67 ± 0.03. Another points present also observations by different instruments.
When analyzing the data of observations it is convenient to use the function 3 N ( ), which clearly describes the transition from the Galactic distribution (E 3 I (E) ∝ E −0.1 ) for E < 3 · 10 18 eV to the extragalactic one (E 3 I (E) ∝ E 0.3 ) for 6 · 10 18 eV < E < 6 · 10 19 eV. The function 3 N ( ) has a maximum at
19 eV (see Fig. 2 ). At energies > 1 the function 3 N ( ) exponentially decreases not to zero, but to the minimum value at 2 , 2 1, E 2 4 · 10 20 eV. After that the distribution N ( ) continues to fall down by a power law manner with the same index β, N ( ) ∝ −β . The fall down of the function 3 N ( ) at energy 1 to its value at 2 is approximately one and half orders. The strong growth of the density of particles for < 2 is explained by the sharp decrease of the rate of energy losses of particles when braking by relict photons becomes small. Here particles are accumulated. The distribution of N (E) for energies E > 4 · 10 20 eV does not go exponentially to small values that can seem as the result of the GZK effect. Here we observe that the distribution of N (E) repeats the distribution of extragalactic sourcesq(E), unless the maximum energy E 0 is not close to the energy 4 · 10 20 eV. However, at energies E > 4 · 10 20 eV the observational
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data have great uncertainty, which does not allow to make a conclusion about the growth of the function E 3 N (E) at high energies E > 4 · 10 20 eV under the condition E 0 > 4 · 10 20 eV. The energy range E < 6 · 10 18 eV (see Fig. 1 ), where the distribution N (E) also reproduces the distribution of extragalactic sourcesq(E), is hidden by Galactic cosmic rays.
It should be noted that the solution of the kinetic equation in the form (13) is not only valid for protons, but also for arbitrary nuclei with atomic number A, N = N A . One only needs to take into account the fact that sources of the nucleus A are not only point sources q s , in which nuclei are accelerated, but also the intergalactic space, in which photo-disintegration of nuclei occurs when they collide with photons,
Here ν A,A is the frequency of the disintegration of the nucleus A into the nucleus A,
The value of n ph is the spectral density of photons in intergalactic space, σ A,A is the cross-section of photodisintegration, E th is the threshold energy of a photon. In the expression (13) for the energy loss d E/dt we should also add the energy loss of the nucleus during photo-disintegration, which is maximum at the energy of the nucleus E A /A E b m p c 2 /2T 10 19 eV (E b is the binding energy of the nucleon N in the nucleus A, E b 10 MeV). Thus, the distribution of nuclei over energy is determined by the system of equations
The value of ν t (E) is a total frequency of destruction of the nucleus A with formation of all nuclei A < A, 
The solution of (16) is
(17) It is seen that the factor exp{− E E (ν t (E")/|d E/dt|")d E"} suppresses sources at high energies due to the destruction of iron in interstellar space into light nuclei. Near the maximum of relative losses, where |d E/dt| ∝ E, the index β in sources (q s ∝ E −β ) must be less than the observed index β obs , β < β obs = 2.7. Generally speaking, the factor exp{− E E (ν t (E")/|d E/dt|")d E"} is not an exponential function of the energy E , and if sources (galaxies) produce a power-law spectrum, the observed distribution of N Fe (E) is not a power-law function. However, the average value of β, obtained by Monte Carlo simulation by Taylor, Ahlers & Aharonian [15] , is of the value of β 1.8. If we consider the effect of propagation of nuclei in the host galaxy, this suggests that in the accelerating machine the index β 1. Accelerating mechanisms, in which the main energy is released at maximum energies E E 0 , are difficult to find in nature. As for other nuclei, the same suppressing factor exp{− E E (ν t (E")/|d E/dt|")d E"} associated with their disintegration, but to a less degree than for iron, will lead to an effective value of β less than β obs , 2.7 < β < 1.8. This index will be different for different nuclei A < A Fe .
The statement that in the energy range where |d E/dt| ∝ E the observed spectrum of extragalactic cosmic rays N (E) repeats the source spectrum q(E) ∝ E −β , see (13) , generally speaking, is true if the maximum energy E 0 for sources is larger, on average, than that in the range considered 6 · 10 18 eV < E < 6 · 10 19 eV. However, if E 0 is in this range, and is different for different sources, the index β can differ from the observed value of β obs . In order to find a connection of β with β obs it is necessary to average Eq. (13) over different realizations of E 0 .
In this expression the contribution only gives sources that have E 0 larger than E, E 0 > E. We introduce the probability P(E 0 ) to have a given value of E 0 ,
For the distribution N (E) to be an exponential function of E, P(E 0 ) has also to be a power-law function
The index r is not only larger than unit, but larger than two, r > 2, in order for the average value of E 0 to be a finite value. The result is
Thus, β = β obs − r + 1 < β obs − 1 < 1.7. To explain the observed power-spectrum of extragalactic cosmic rays at E > 6 · 10 18 eV as a result of the superposition of different sources with different values of maximum energy E 0 , we must have hard sources with β < 1.7, that is probably small.
Let us now estimate the average power density of sourcesq. Observations give the value of the extragalactic ISVHECRI 2016 particle flux, where there is a maximum value of the product E 3 I (E) at the energy E 1 = 4 · 10 19 eV,
Accordingly, the density of particles N (E), N (E) = 4π I (E)/c, is
On the other hand, the dimensionless density of particles N ( 1 ) and average power of sourcesq ( 1 ) are connected by the relation (14),
Bearing in mind that the dimensional quantityq is c/L = 7.1 · 10 −16 s −1 times less than the dimensionless one, we getq (E 1 ) = 8.4 · 10 8 eV
Considering that, as well as in our Galaxy, the power law spectrum with index β = 2.7 continues up to small energies E min 5 GeV, we get
(18) The total average power density of extragalactic sources
This value divided by the density of galaxies, N g 1Mpc −3 , exceeds the power of the Galaxy in cosmic rays, 10 41 erg s −1 , by at least two orders of magnitude. If we assume that the sources of ultrahigh energy particles are active galactic nuclei with relativistic jets generated inside, the power of which is (10 45 − 10 46 )erg s −1 (Mao-Li, et al. [16] ), then their density in the Universe is of N g (10 −2 − 10 −3 )Mpc −3 . The same estimation of the density of extragalactic sources of cosmic rays follows also from the conditions of arrival isotropy of particles in the range of energies E 10 19 eV (Abbasi et al. [17] ).
Galactic cosmic rays
The most surprising fact, following from the previous consideration, is that the spectrum of the power density of extragalactic cosmic rays (18) has the the same slope as the Galactic cosmic ray density before the 'knee', E < 3 · 10 15 eV, β = 2.7. Let us note here that understanding the cosmic ray power densityq(E) as the average power radiated by a galaxy as a whole, is proportional to the density of cosmic rays in a galaxy N (E),q(E) ∝ N (E)Sc, where the value of S is the galactic surface radiated cosmic rays. This indicates that the nature of the origin of cosmic rays in the Galaxy and in active galactic nuclei is the same. The formation of the spectrum with index β = 2.7 in the Galaxy is explained by the fact that the index of the power law energy spectrum of source is of universal value β = 2. This is valid as for the acceleration of particles on fronts of strong shock waves ( [1, 2] ), as well as for the acceleration at the base of the jets emitted near massive black holes in centers of galaxies (Istomin [18] ).
Next, accelerated particles, spreading over a galaxy, are scattered by inhomogeneities of a magnetic field. Their motion becomes diffusive. Moreover, the coefficient of diffusion is larger for particles with larger energies, D ∝ E δ , δ 0.6 (Ptuskin [19] ). It should be noted that the index δ is the same for protons and for different nuclei. This follows from the general selfsimilarity considerations. The diffusion of charged particles by fluctuations of the magnetic field depends, in the general case, on three dimensional quantities: a particle velocity v, its Larmor radius r L and the correlation length of the random field l c . Thus, D = cl c f (r L /l c ), where c (the speed of the light) is the speed of motion of a relativistic particle, v = c, f is a dimensionless function of the ratio of a particle Larmor radius, r L = E/eZ B, to the correlation length l c . This function depends on the spectrum and amplitude of the random magnetic field. Because the various charged particles are scattered by the same magnetic field, the power-law index δ is the same for different nuclei. Only the diffusion coefficients can slightly vary at the same energy E. But the diffusion is the same for particles of the same rigidity R (Blasi & Amato [20] ), r L = R/B. The observed spectrum of Galactic cosmic rays under the assumption about the universality of the source gives the value of δ of 0.7. We are taking this value as following from the observations, regardless of other values obtained from theoretical and numerical calculations of the scattering of charged particles and of the paradigm of particle acceleration by shock waves from supernova explosions.
The density of particles is equal to the product of the power of a source, Q, to the lifetime of particles τ , N = Qτ . The lifetime is the escape time of particles from a galaxy, τ = R 2 /D, R is the radius of a galaxy. Thus, N (E) ∝ E −2−0.7 . There arises the question: why in our Galaxy does the spectral index of cosmic rays at energies E > 3 · 10 15 eV deviate from the value of β = 2.7? The spectrum becomes softer, β = 3.1. If the source of cosmic rays in a galaxy is through strong shock waves from supernova explosions, it is not clear why the spectrum of high energy particles from active galaxies remains with index β = 2.7 up to energies ∼ 10 20 eV. It is more natural to assume that the source of cosmic rays is a jet emitted from an active galactic nucleus and whose power significantly exceeds the power transformed to particles by supernova explosions. Istomin [18] suggested that Galactic cosmic rays were produced by the jet, emitted from the center of the Galaxy. Giant bubbles of relativistic gas, observed above and below the Galactic plane, are remnants of this bipolar jet that existed previously. From the size of the bubbles it follows that the jet switched on 2.4· 10 7 years ago, and worked for at least 10 7 years. We consider that cosmic rays at sufficiently large times of filling of the Galaxy spread uniformly over the Galactic plane. This follows from the observations. However, the diffusion model of propagation of cosmic rays in the Galaxy and the halo can not provide such uniform distribution with any distribution of sources Q(ρ) over ρ in the Galactic plane, where ρ is the cylindrical radius. This is due to the fact that the second derivative 
, where E(x) is the complete elliptic integral of the second kind, which varies from π/2 at x = 0 to 1 at x = 1 and has singularities of derivatives at x = 1. For one source located in the center of the Galaxy, the distribution of N (ρ) is also not uniform, N (ρ) ∝ 1/ρ. One way to overcome this contradiction is the assumption that the convective motion of cosmic rays, not only the diffusion motion, is very important in the Galaxy (Istomin [18] ). The motion along the spiral arms, where there is a regular magnetic field, can occur with a speed close to the speed of light. Then in the steady state v∇ N 0, |v| c. If the source is located in the center of the Galaxy, the time to fill the Galaxy by cosmic rays is determined by two processes: the fast filling of arms during the time τ R/c 5 · 10 4 years; and slow diffusive overcoming of the central region of the Galaxy of the scale L (1 − 2) kpc, and also of the interarm space of the same size approximately, τ L 2 /D 10 7 years. The total time to fill the Galaxy is determined by the slower process. However, the evacuation of cosmic rays from the Galaxy, if the source of cosmic rays stops working, differs from the filling, because the escape of particles is determined by the output into the outer regions of the Galaxy and the halo of the size of R, and has mainly a diffusive character. The time of the evacuation is of τ R 2 /D 10 9 years. The given estimates refer to particles of small energy E 1 GeV. For energetic particles the times of filling and escape are less due to an increase of the diffusion coefficient with increasing energy.
After the source is turned off particles continue to flow out from the Galaxy, and their density begins to decrease with time. Consider how this may happen. Suppose that at time t = 0 cosmic rays with density N 0 (E) uniformly filled the spherical region (Galaxy and halo) of radius R. Then, assuming that the motion of particles is of diffusion character, using the Green function (equation (10)), we find the density of cosmic rays N (r, E, t) at a point located at distance r from the center of the Galaxy and at time t, N (r, E, t) = N 0 (E)F( p, r ),
where the parameter p is equal to
For small values of p, p << 1, the function F is equal to F = 4 p/π 1/2 , for large values p >> 1, F = 1. The transition of density of cosmic rays from the initial distribution N 0 ( p > 1) to the decrease with time, N = N 0 (4R 2 /π D g t) 1/2 , takes place at p 1. At this point there is a transition of the spectrum of cosmic rays from the original, N ∝ E −2.7 , with energies E < E k to the distribution of N ∝ E −2.7−0.7/2 = E −3.05 for E > E k . The value of energy E k is defined by the equality p = 1, D g (E k ) = R 2 /4t. In the center of the Galaxy (r = 0) the transition occurs exactly at the point p = 1, for us (r R/2), this point is also very close to unity. When p = 1, there is a local increase of density of cosmic rays, i.e. near the energy E E k the distribution N (E) is really observed as the 'knee' (see Fig. 3 ). It should be noted that results obtained do not depend on our assumption of a spherically symmetric distribution of Galactic cosmic rays in the disk and the halo. The distribution may have different scales in the plane of the Galaxy R and across H . In diffusion models different scales R and H are due to the different diffusion coefficients of cosmic rays in the galactic plane, D g , and in the direction above the Galactic plane,
1/2 , then in the coordinates (r, z ) the distribution of rays will be spherically symmetric. Because we are interested in the distribution in the Galactic plane, z = 0, it will be the same as at z = 0.
The position of the 'knee' depends on the time t, passed after turning off the source. Knowing the position of the 'knee' at the present time t = t 0 , we find
It should be noted that the 'knee' is moving with time, E k = 3 · 10 15 (t/t 0 ) −1.43 eV. The speed is now equal to
11 eV/year.
Conclusions
We showed that the distribution of power of sources of extragalactic cosmic rays in the energy range of 3 · 10 18 eV < E < 10 21 eV is a power law,q(E) ∝ E −2.7 . Thus, it is the same as in our Galaxy in the energy range below the 'knee', E < 3 · 10 15 eV. This indicates the common nature of the origin of cosmic rays in the Galaxy and in other galaxies. However, the power of extragalactic sources exceeds by at least two orders of magnitude the capacity of the Galaxy (see formula (19) ). The conclusion from this is that a 'normal' galaxy, to which our Galaxy belongs, is not the source of cosmic rays. The estimation of the density of extragalactic cosmic rays sources, N g 10 −2 − 10 −3 Mpc −3 , indicates galaxies with active nuclei. The possible source of energetic charged particles is ISVHECRI 2016 relativistic jets emitted from the surroundings of massive black holes. Thus, acceleration by shock waves from supernova explosions is not possible to explain the origin of cosmic rays up to energies 10 18 eV. Otherwise, all galaxies in more or less degree would be sources of cosmic rays, because in all of them there are supernova explosions. Why, nevertheless, we observe cosmic rays in the Galaxy is explained that once in the past the Galaxy was also active. From the center of the Galaxy there emitted a relativistic bipolar jet, the remnants of which is observed now above and below the Galactic plane as bubbles of relativistic gas with the power law energy spectrum E −2 (Su, Slatyer & Finkbeiner [21] ).
Due to the fact that this source of cosmic rays in the Galaxy is now not working, it appears the deflection of the spectrum of Galactic cosmic rays from the dependence N (E) ∝ E −2.7 in the whole energy range. For E > 3 · 10 15 eV, the spectrum becomes softer, N (E) ∝ E −3.1 . This is because particles, that once filled the Galaxy, leave it faster the larger their energy, because their diffusion coefficient increases with energy, D ∝ E 0.7 . Particles of larger energies leave the Galaxy quicker than particles of lesser energies. For the diffusive motion of particles, N (E) ∝ N 0 (E)(Dt) −1/2 ∝ E −2.7−0.7/2 for energies E > E k and N (E) N 0 (E) for energies E < E k , where N 0 (E) is the initial distribution of particles. Thus, the 'knee' formation reflects the escape of particles from the Galaxy. Knowing the current position of the 'knee' one can estimate the time when the source of cosmic rays in the Galaxy stopped, it occurred 4.2 · 10 4 years ago. The position of the 'knee' is not constant in time, it must move, E k ∝ t −1.43 . This motion can be noticed if we have a sufficient accuracy of the measurement of the 'knee' position. During the last 50 years the 'knee' has moved by E k = −5 · 10 12 eV. The release of cosmic rays from the Galaxy also explains the appearance of heavy nuclei in the energy range 10 16 eV < E < 10 18 eV, just between the knee and extragalactic particles. Indeed, the particle Larmor radius is inversely proportional to the nucleus charge Z . For a fixed energy particle diffusion is less for heavy nuclei than for protons. Protons leave the Galaxy faster.
The recent discovery of the source of PeV particles in the Galactic center with the power of 10 37−38 erg/s, made by the HESS group [22] , confirms the hypothesis that centers of galaxies with massive black holes are powerful sources of ultrahigh energy particles. If we take into account the fact that the luminosity of Sgr A* is now 10 −9 of the Eddington luminosity, one can imagine what will be the luminosity of the Galactic center in cosmic rays during its active phase.
